Montenay Inc. operates a municipal solid waste (MSW) incinerator plant located in Burnaby, British Columbia. The facility operates three essentially identical boilers that were designed to generate slightly superheated steam at 248°C (478°F) and 3,140 kPa (455 psig).
The Greater Vancouver Regional District (GVRD) is a partnership of all municipalities in the Vancouver area. The GVRD owns a MSW incinerator plant located in South Burnaby, British Columbia, that is operated and maintained by Montenay Inc. (a CGENOnyx company). The facility burns about 17% of the district's garbage [I, 2] , and produces steam that is used internally as well as exported to an adjacent industrial plant.
The facility consists of three essentially identical Babcock & Wilcox (B&W) boilers that were commissioned in 1987 (Fig. I) . The original B&W design was to process 242 metric tons/day (267 tons/day) of MSW each, and generate 36,300 kglhr (79,900 lb/hr) of slightly superheated steam at 248°C (478°F) and 3,140 kPa (455 psig).
The units are balanced draft boilers equipped with a reciprocating grate that was supplied by Martin GmbH, Munich. The boilers consist of a two-pass water wall furnace, a two-pass evaporator or generating bank, and a small superheater in the 5th pass followed by a multi stage economizer. The cleanup equipment includes a spray cooling conditioning tower, a scrubber with carbon and lime injection, and a fabric filter.
3.
Overall Project Goals
The incinerator and its boilers were originally sized and designed to supply suitable steam to an adjacent paper mill. The overall size of the plant was consistent with the ability to provide the adjacent paper mill with 100% of their required capacity, with two out of three boiler lines operational. The pressure and temperature of steam produced were consistent with the paper mill's own boilers, which were removed from service after the incinerator commenced operation and then were eventually de-commissioned.
Over time, the paper mill has also decommissioned two out of its three paper machines and the demand for steam has consequently dropped to almost 50% of historical maximum levels. With the decommissioning of the paper mill boilers, the highest pressure in active use at the paper mill has dropped from 2.75 MPa (400 psig) to 0.9 MPa (130 psig).
Since the Burnaby Incinerator Plant was originally designed, Martin GmbH has improved their grate and combustion control systems and revised their expectations on maximum grate heat release rates. These new controls systems will be installed at the plant coincident with the boiler modifications. These new controls systems will allow for more stable operation, higher throughputs, operation at lower excess air and reduced emissions.
The overall project goals were:
• To redesign the boilers to produce steam more suitable for use in a new turbine generator than the present slightly superheater steam.
• To direct all of this steam to the inlet of this new turbine and to provide any process steam, including that required by the paper mill, from one of three turbine extractions.
• To ensure that the redesigned boilers are capable of taking advantage of the improved grate and combustion controls systems and revised maximum grate heat release rates.
• To arr ive at a suitable fi nal boiler steam temperature that is the best compromise between the conflicting requirements of:
Electrical power output
Capital cost
Operational and maintenance cost
Good boiler design practice
Other process considerations
Scope of Boiler Hardware Modifications
The boilers were originally designed to generate slightly superheated steam. A superheater upgrade was required to raise the final steam temperature to a level that was suitable for use in an efficient steam turbine-generator. The locations that were considered to install additional superheater surface area were in the second and fi fth furnace passes.
project the perfonnance data to these future conditions, and to evaluate several superheater upgrade options.
The first decision point in the project was detennining the target steam conditions. This was not only important for the superheater upgrade, but it was also crucial for the overall project schedule since ordering the steam turbine generator was the critical project path.
The operating pressure of the turbine was chosen to be near the current boiler operating pressure. A pressure of 3.00 MPa absolute (435 psia) was specified at the turbine inlet valve. Selection of the final steam temperature was based on maximizing turbine power production while staying within physical and metallurgical constraints of the superheaters. Criteria that influenced the choice for the fi nal steam temperature included: (1) steam turbine thermal efficiency, (2) space to install the required superheater surface area in the existing unit geometry considering issues such as side-t0-5ide tube spacing and arrangement, and (3) expected tube metal temperatures and associated implications on the life expectancy of the superheater.
Two steam temperature options, 350°C (662°F) and 400°C (752°F), were considered early in the project. Considerations such as excessive corrosion due to high metal temperatures, and maintenance accessibility (a higher steam temperature requires more superheater elements and therefore smaller side-to-side spacing) were among the deciding criteria. A final steam temperature of 350cC (662°F) and a turbine operating pressure of 3,000 kPa absolute (43S psia) were chosen as the future target operating conditions. The projected boiler operating conditions are included in Table 1 .
Possible locations that were considered for the new superheater were the second and Sth fmnacepass . Locating all of the new surface area in the Sth pass was ruled out early on, since the relatively low temperature differential between the flue gas in the fifth pass and the steam would require the installation of a large amount of additional heat transfer surface area. Therefore, it was detennined that the majority of the new superheater would be located in the second furnace pass.
Natural Circulation Conditions
The boiler tubes that make up the water walls are cooled by saturated water with natural circulation as the driving mechanism. To prevent tube overheating at the upgrade conditions with the new superheater, JANSEN checked the adequacy of the circulation conditions.
A computer model of the water system was constructed for this purpose. The program calculates circulation conditions in each of the major boiler circuits, and incorporates mass, heat transfer, and kinetic energy (friction) balances.
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The calculated flow rates were verified by velocity measurements in all the feeder pipes of the No. 1 Boiler that supply the furnace wall headers with water. An ultrasonic flow monitoring (UFM) technique was applied [3] . The UFM data was used to baseline the calculation at the pre-upgrade conditions.
The program was then used to project natural circulation at the future upgrade conditions. Factors that were evaluated included flow velocity, circulation ratio, and circuit stability. Calculated properties were compared to recommended industry values to assure sufficient cooling, and avoid potential wall tube overheating.
Superheater Sizing
Installing superheater tubes in the second furnace pass at a location where the entrance flue gas temperatures were expected to reach 960°C (l,760°F) added uncertainty to the design process. For example, it was difficult to estimate how much deposit would accumulate on the tube surface over time, how effectively sootblowers or rappers could clean the tubes, and how much these deposits would reduce the overall heat transfer rates.
To limit these uncertainties, perfonnance data from other MSW boilers with similar superheater applications was collected and evaluated. In addition, air cooled tube samples were inserted into one of the boilers to evaluate the amount of deposit build-up over time, to measure the stickiness of the deposit, and to collect infonnation on cleanability. Furthennore, it was decided that some of the new superheater surface area should be installed in the Sth pass where tube fouling rates are better understood, thereby limiting the risk of under-sizing the superheater.
The installation of a low-temperature primary supeIheater section in the Sth pass required the removal of one of the five economizer tube banks in addition to removing the existing superheater section.
A boiler side view with the new superheater arrangement is shown in Figure 2 . Steam from the steam drum flows first through a new low-temperature primary superheater in the S th pass, then through a high-temperature primary section in the 2 "d pass, and finally through a secondary section also in the 2 "4 pass. An attemperator for final steam temperature contro I is located between the high-temperature primary and the secondary superheater sections. The new superheater was sized to achieve a fmal steam temperature of 3S0°C (662°F).
Sizing of the superheater was severely constrained by the geometry of the 2 nd pass cavity, and the allowable steam side pressure loss. Due to limitations in steam drum operating pressure and the steam turbine design pressure, the allowable pressure loss between the steam drum and the stop valve outlet was restricted to 366 kPa (53 psi). The pressure loss allocated to the 2nd pass superheater sections was 152 kPa (22 psi).
Based on these constraints, several sizes and arrangement options were considered with a heat transfer model. The final design was chosen based on cost and installation related considerations. Sizing data is included in Table 2 .
Material Selection
The low-temperature superheater material selection was straight forward. Due to the low temperature of both the steam and flue gas, and the service record of the existing superheater in this area, the selected material was identical to the existing superheater (SA 178).
The process undertaken to finalize the material selection would be very low (<2 years) at the required inlet flue gas temperatures.
• The expectation that the service life would be signifi cantly higher if Inconel 625 spiral weld overlay was applied to these same tubes. • The expectation that this material choice would only increase the overall project cost for this specific item by less than 50%.
• The unfavorable cost comparison between
Inconel 625 clad composite tube and Inconel 625 spiral weld overlaid tube. The composite tube was 50% more expensive than the spiral weld.
• The unfavorable comparison between corrosion of Inconel 625 and authentic stainless steel tubing.
• The concerns over slagging and effective heat transfer area in the superheater especially with any refractory clad tubing. A Neundorfer, Inc. rapping system was furnished consisting of two rappers for the high-temperature primary pendants and one for the secondary superheater.
Superheater Design Engineering Considerations
Each rapper system consists of a pneumatic rapper piston, transverse header shaft that extends from side-to-side through the lower loop of the pendant tube bends, and vertical tie bars at each pendant to grip the tubes and transmit the rapping force. The rapper system was designed such that no welding is required to the superheater tubes to mount or grip the rappers.
Installation Schedule and Initial Operation
The new superheater has been installed in the first boiler in February 2003. Figure 4 shows a photograph of a newly fabricated superheater element. Installation to the other two units will follow in the months after.
Commissioning of the steam turbine is planned for May or June 2003.
Conclusions
The three boilers at the Burnaby MSW Incineration Plant were modified to produce steam at higher superheating temperature for use in a new steam turbine. The new superheater design consists of three main sections. The low-temperature primary section is located in the 5 1h pass where flue gas temperatures are relatively low and 1he reduction in heat transfer rate due to deposits is less significant. The two high-temperature sections were placed in the '2d pass. Flue gas temperatures and the corrosive environment in the znd pass warranted a design with an alloy 625 welded overlay. A rapper system was installed in the 2nd pass to reduce deposit build -up, and its associated loss of heat transfer.
The installation of the modifications will be completed in 
